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Summary and more or less?
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More or less a Summary !
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How to study the QCD phase diagram...

... be brave and solve |
- E B OISO
Z(T.us) = | D(A. g, q")e e
ab initio and nonperturbatively, i
E
epuerk glion plasa
be strong and collide heavy
ions at ultrarelativistic energies,
haddiaon gas S Jed
g =0 B
... be creative and study effec- Toy =, -
tive models of QCD. et Y W
1D B ot e
«2 ¢ 8" 99 3%
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State-of-the-art:

the thermal conditions at freeze-out are determined by
comparing experimental results for ratios of particle yields
with the Hadron Resonance Gas (HRG) model

the goal:

eventually we should get rid of model calculations and
should be able to determine the freeze-out parameters
directly by comparing experimental results with (lattice)
QCD calculations
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Squeezing out the middle man?
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Boxing in the phase structure of
QCD

 The baseline: Is it more hadronic or more partonic

 The subtleties: Critical point, cross over, etc:
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V>, V3 Vv, as a function of Vs,
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v,, V3, v, are independent of Vsy, for 39,

62.4, 200 GeV

Jeffery T. Mitchell - Fluctuations, Correlations, RHIC Low Energy Run - 10/3/11

Mitchell
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- The ¢-meson v, falls off trend from other hadrons at 11.5 GeV
- An effect of 2.60

Mu Xu Fluctuations, Correlations and RHIC Low Energy Runs, BNL, October 3 — 5, 2011 16/28
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A ar (anti-)Particle v, vs. Vs,
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STAR: Quark Matter 2011 Hadronic interactions appear dominant

Nu Xu Fluctuations, Correlations and RHIC Low Energy Runs, BNL, October 3 — 5, 2011 15/28

XU. /home/vkoch/Documents/talks/BNL_OCT 2011/talk.odp



Constituent quark coalescence, accounting for stopping...

(a) Quark v, |{b} Hadron v,
) Produced Quarks = 30K’ P =p
:, 10l —— Transported Quarks ;- =K -7 =y
' o ~= == NCQ scaling break-down
pHR0000000C0 000000000000 zu - /
QGD L + ] B —
B B e I L ARERRERERREE : VZ [:’T <: Vz E ]
I ¢-. 1ol B! _ | /
_ C _ _
L+ | + -
.
F 1 | 1 | -!! | | | | Vz [K = } Vz _K ] /
%""1””2””3””4””5 %12345 - _
p, (GeV/c) p, (GeV/c) v [p S v ﬁ] /
2 , 21
| {c) NCQ-scaled hadron v | {d) dewviation from MCQ scaling |
— 2 e n
i E ..Illlllllllllllllllllll .E" Vj [A] ::" Vz [A] /
£ i iil“"“““““““m“ % Lt -
= n ...mummmmmmmmmmmmmmmmmmm = 'I 1 = —_
. J= ST Rl v, I:,:,+ ] <V, I:; ] v
H EEORPREERRERREEIREISIIRFIH
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1 0.9
b s I R S R S
pT.fn (GeV/c) prfn {GeV/c)

J.C. Dunlop, MAL, P. Sorensen arXiv:1107.3078

Testable idea!!!

Simple absorption may also work...
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Is the matter hadronic or partonic
at
lower energies?

YES!!!
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0.1

T, GeV
o
o
S critical
S :
= point

hadron gas

vdacuulin

The villain(s)

QGP
quark(yonic) matter
phases: c.s.c.,
nuclear)\ crystals, ..?
. matter . CFL

1

g, GeV
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Higher moments (cumulants) and &

® Consider probability distribution for the order-parameter field:
Plo] ~ exp{—Q[o]/T} ,

s |1 n o HHS oo = o XE w o ok
Qz[d“:r: [E(va}"}qt%n‘@%a +f4+”}' = £=m;

® Moments (connected) of ¢ = 0 mode oy = [d’z o(z):

Ko = (sz} = VTEE; K3 — (-:’T%jf} — QVTZ /\;; fﬁ

ke = (0%)e = (ob) — 8(oD)? = 6VT® [2(Xa8)® — M ] €5,

® Tree graphs. Each propagator gives £~

e S KA

® Scaling requires “running”: A\ = A3T(T€) ™2 and Ay = A (T€) 72,

ks = o2y = VT2 3 €% ku = 6VT?[2(0s)% — Xu] €.

Mon-gaussian fluctuations at the QCD critical point - p. 7/14
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Physical Meaning of 3rd Fluc. Moment

X5 : Baryon number susceptibility

in general, has a peak along phase transition

: or 2

OU, phase boundary !

changes the sign at QCD

m In the Language of fluctuation moments:

180 _((6N,))
“ 0 oL, VT
oy, 100 (BN,))
O, V o, VT’

= m,(BBB)

more information than
usual fluctuation

M. Asakawa (Osaka University)
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Comparison of Various Moments

2-flavor NJL
with standard
parameters

G=5.5GeV-
m =5.5MeV
A=631MeV

- Different moments have different regions with negative moments

|::> By comparing the signs of various moments,
possible to pin down the origin of moments

- Negative m;(EEE) region extends to T-axis (in this particular model)
- Sign of m;(EEE) may be used to estimate heat conductivity

M. Asakawa (Osaka University)
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*AR First result on hlgher moments of net-proton
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|, L D.thep 0.8 (GeVie) . Average Number of Participant (N__.}
£ ANFTIGM) T e
3 e fyl<0.5 = STAR Collaboration, PRL 105 (2010) 022302,
L HanG L ]
b | ¢ memmatea ¥ Y » STAR first results on higher moments
o [ P _ -.ﬁ:-[ A analysis are up to fourth order.
g & Llér & ]
1 - L] L e y : i
- I . # Using ratios used to establish base line
- Future Crilcal Point Search 1 measurements for the QCD critical point search.
E L Vil I Lyl i i
3456 10 20 30 100 200 : i s o
5, (GEV) »This talk: C, /C,and C, / C,.
Lizhu Chen Fluctuations, Correlations and RHIC Low Energy Runs, Oct 3-5, BNL g2

Chen
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(A)

T (MeV)

79 140 160 165 166 .
i (Mev)
720 420 210 54 20 10
f_mj @ Exp.Data < Laitice QCD _
- HRG .
3 . E
f_ R -
-, ]
i 0 ;
456 10 20 30 100 200

\/Sny (GeV)

Phase diagram of QCD

T xl:S]",fx{E]'
Science, 332 (2011) 1525

T2 %{4}‘;%{2]‘

Gupta
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A scenario

critical
point

T —

I 19

O‘h
711 o

/ ~ A baseline
H /i

® If the kurtosis stays significantly below Poisson value in 19 GeV data, the
logical place to take a closer look is between 19 and 11 GeV.

Nun-ﬂausman fluciugtions at the QGO critical point —p. 13/14
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*AR Results (I): Energy dependence of product moments

- I T L I T I LI | ) -
Pl Au+Au: 0-5%
- & @ MNat-proton .
L 0.4<p, <0.8 (GeViec)
b  i<0s
0.5 - e 4 :
2 I .% | » Data are compared with
Lattice QCD HRG and Lattice QCD.
- N=6 T =175 Mav N
(W =T o Jrp—

1.2

0.8 [

K G2
|
Iil

0.6 |

STAR Preliminary |
1 | 1 1 1 | 1

345 10 2030 100 200
WSy (GeV)

X. Luo, SQM 2011

Lizhu Chen Fluctuations, Correlations and RHIC Low Energy Runs, Oct 3-5, BNL 12
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The return of the middle man
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Protons vs Baryons

All protons are baryons but not all baryons are protons
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Baryon & Proton Number Fluctuations

(0Np)7)
Np Nn

((6Nx)7)

In, general, fluctuations of NN and Np are different.
» Due to the isospin fluctuations, Np fluctuations tend to be close
to equilibrium ones than NN fluctuations.

Kitazawa



Simple model

Consider only neutron, protons, and charged pions
Conserved quantities: electr. Charge Q and baryon number B

Still fluctuations: Protons <—» neutrons and n©° < m

k k_
Pme NTn o
7 = Z OB,n,+nn Z T 0Q,np+ky —k_

Ny !Ny, !
Np,MNn prom ki, k_

Would be binomial if we ignore charge conservation



Simple Model

K o?
1.[]'5]

0.5
K]

[ &
w0 400 600 800 1000 - NN
400

__'___"-__'

~0.5}

~1.0t



Effect of Isospin Distribution

4 N
(1)N(net> = N — N deviates from the equilibrium value.
\(2) Boltzmann (Poisson) distribution for Ng, N3. )

4 ne /1—-___;16__~\ 1 ne
2((6N"D)%) =5 (NG ™)) - 5 (BNE')? e
ne : 1 ne : 3 ne
2((ON")%) =24 ONF)*) e HUONE ) e

2(ENSD)). 2 (BN + LHENG))
\_ p c T\g B /¢ é B c,free

Kitizawa

_________

genuine info.

For free gas
2((SNN)™) = (NG



Baryon number conservation

o Affects all susceptibilities: Variance, Kurtosis....

 Proton Fluctuations are also affected

— Distinguish from Isospin fluctuations

o Still LARGE baryon DENSITY fluctuations



“Charge” fluctuations

dN /dy

T / AYcorrelation

Condition for “charge” fluctuations:
0AY << AY (catch the physics)

corrrelation accept

AY > AY _ >> AY_ (keep the physics)

ept



“Charge” fluctuations at SPS and

below
dN /dy
correlation
- >
\P/ A Ycoll
accept
Condition for “charge” fluctuations:
0AY << AY (catch the physics)
corrrelation accept

AY > AY _ >> AY_ (keep the physics)

ept



“Charge” fluctuations at SPS and

below
dN /dy
correlation
- >
W A Ycoll

accept

Condition charge” fluctuations;
0AY << atch the physics)

corrrelation

DAY,

> the physics)



Energy dependence of the effective kurtosis

» adapting the rapidity
window to fix the mean
net-baryon number

» net-baryon effective
kurtosis does not show an
energy dependence

» fixed rapidity cut

» the net-baryon number
varies with /s

» for lower /s K¢f becomes
increasingly negative

» at £, = 2AGeV:

=
4

10

l

0

.
fixed (B-B) = 150

o net baryon
« net proton
+ net charge

= 3
. . et
- —

20

-]

10k

- fixed |y|< 0.5

. o net baryon
« net proton
@ = net charge

pL

T. Schuster, MN, M. Mitrovski, R. Stock, M. Bleicher, [arXiv:0903.2911 [hep-ph]

i i3

\ Snm (GeV)

Nahrgang
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Coparison of the Hadron Resonance
Gas Model with STAR data

(2)
° ithi X
Frithjof Karsch & K.R. % ] coth(,uB /T)
100 5
Deviation due to Baryon
- | Number conservation???
' 4),.2) v®
/; IKE}“{I{BJ B_ =1
1.0 : — ] (2 -
. HRG: 3/2 TR | AB
o — H‘“"%:;
_ 201 —
STAR: 3/2 e IE‘ I
[ 4/2 - \ \t
1/2 (3)
2/1 A GeV X
5 10 20 R

deviations between HRG model and data for the variance (x Efj)’?
Error Estimation for Moments Analysis: Xiaofeng Luo arXiv:1109.0593v



Baryon Number conservation?

Only p and p-bar (zero net protons):

(5N, )= (N,)

Binomial (finite acceptance, efficiency etc):

1

<(5Np)2>bin0mial:<Np>fullp<1_p)+p2<(5Np)2>full:<Np>bin0mial(1_5 p)

<(6Np)2>binomial:< _l )
<Np>bin0mial 2 P
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Baryon Number conservation”

V. Skokov et al..

10 E ] ] ! ! ! ! E |
Fl & STAR Vv Sy =200 GeV
IUD ;__ HRG Au-Au, 0-5% _i
® UrQkD

P/N)

<<6Np)2>bin0mial :< 1 _l )
<Np>bin0mial 2 P

Peripheral collisions:
p <<]

Expect close to Poisson
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Number of Events

Au-Au s./% =200 GeV

*J0-80X
¢ 30-40%

-12  -14Q -5 Qi
Net Froton

<(5 Np>2>binomial :< _lp)
<N p>bin0mial 2

Peripheral collisions:
p <<]

Expect close to Poisson

Needs to be checked more quantitatively
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Finite acceptance needs to be taken into account

T e e e — T

- @l e s JHL
g —p & O Au+Au 19.6 GeV 1

8 protons!!! b i 1 OAusAu624GeV - o’~N +N._

4E et 4 *Au+Au 200 GeV - poor

- % o e ned >N +N_=~const
’ - 1 P A P P

S 4 Q"‘f-.--i--’i’"-‘ﬁ_w*@a_ ;
0 _ﬁi‘?‘@ . i :
w0wES @ (d) 5
iEba.
E{t}g@'ﬂ“‘ e e s ?
i VO-G..g.. o et '
107 ;—ﬂ!’ﬁﬂ-ﬂ--ﬂ----g-i.f‘gf_iii_ - i
07 F , 3

100 200 800 400 0 100 200 300 400
0% ~ N, +oNg=NNg NN ~ const

| S

. [4]= pk[1 +p? (-7 k[1] +7 k[2]) +
3

)
p’ (12k[1] -18 k[2] +6 k[3]) +
p* (-6 k[1] +11k[2] -
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Volume Fluctuations

N=pV
ON=Vop+pdV

(BN)Y)=V ) ((8p) )+ ) (V)
(e N)H)=(V) (8p))+6(V)*(p) (V) ){(6p))+{p) (V)

4
(6N) _ (5N is independent of the volume but not independent
’ of volume fluctuations

=
=2
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OK lets go slow and keep
the middle man in the loop
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Three flavor case
(m-n- ~ 0.7 GeV, a~ 0.3 fm) Clover fermion

324F T/T-.=0.90(1)

T/7.=0.87(1)

~ 3.16¢

o
= 3.09t

3.01f

T/T.=0.85(1)

Lk, 2007, page 18
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Critial Point of N; = 3 Case

m. ~ 0.7 GeV, 63 x 4 lattice, a ~ 0.3 fm

T/ T.=0.927(5) T'z/T,=0927(5)
15/ T.=2.60(8)

c

Transition density ~ 5-8 pym

Nature of phase transition

UK, 2007, page 19
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Avoiding the sign problem

(SE, Phys.Rev.D77,014508(2008), WHOT-QCD, Phys.Rev.D82, 014508(2010))

0: complex phase 0 = ImIndet M

Sign problem: If " changes its sign,

<e“3> << (statistical error)
P.F fixed

Cumulant expansion <..>PF: expectation values fixed F" and P.
(), =esaf M -3 {07, - PR + 50,
pr T A TR G TR RA:
—0 —0
cumulants

@) =(Ossr (07) =(0%),., ~(ONsr (0°) =(0),, =3(0%), , (Ohys +200),., (0°). ="

— Odd terms vanish from a symmetry under u <> — (0 <> —0)

Source of the complex phase

If the cumulant expansion converges, No sign problem.
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Distribution of the complex phase

8= N im [indet Aerf 8=N In [k det M)
Ho.na H” “I.; ﬁjiﬂ i
E. &lilla.;l L
£ oa £ i
é. ] Euu;?
;Euu 5”'"‘5‘
E Ellu_‘i.
B H|.
!'li- % ] Lh &0

VL T e

b=, In Pudordige]
« Well approximated by a Gaussian function. What does this mean?

* Convergence of the cumulant expansion: good.
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Taste Violation

RMS pion mass

600 r T
RMS m,, [MeV] &
500 .
HISOtree ® '. o
stout  w
400 asgtad W

300 . Jr;‘ .
200 2
100 | .
A . . . |2 [frr]

0 0.05 0.1 0.15 0.2
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IB"'TE

0.35
0.3

0.25
0.2t
0.15
0.1 ¢
0.05 ¢

w

0.35

0.3 |

T
I—-_______-
T 4
L
m
3
=

N=10
N=12, N_=32
N=12, N,=36
cont.
HRG

o - O R i o
i

S

T [MeV]

Not such a bad agreement

100 150 200 250 300 350 400

0.25 |
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Intensity of sigma fluctuations

T = g 19 /MeV

MM

dN,
d3k

(ws|ok|? + |9tk |?)
(271)32w)

Gl T T T T T ||. - T
Ee : critical point o
. first order phase transition
o -
40 —
¥ ¥
a0 = + -
; i P -1 "
2 - + e 5 -
&

o, '
e . i |

- L “a a

G WA
0 1 I i i A LI TT T TP PP |
o 2 -l G B 10 12 14 1
t/fim

deviation from equilibrium

M. Bleicher, 5. Leupaold, |. Mishustin, arXiv:1105.1962

.II._"I.”.‘I '[:T}f Jdl*h

-II-_'I.|.|r| (Gag ) 4%

critical point

2 T
T Ik 0 T
LB - 0< |k /MeV < 50 - 3
16 L o0 < &/ MeV < 100 - i
. 100 = &/ MeW == 150«
1.4 | 160 < |&[/MeV < 200 - B
12 - —
I - —
08 -
G 1
04 F i
- il R / -
0 1 i -a."li:---o-:f 4 T o 1
o 4 & 10 12 14 16
t/fm

first order phase transition

1o

ﬁ_

T T IIAI = T
0= |k|/MeV < 50 -

A0 < k] MeV < 100«

100 = |&]/MeV < 150
150 < K]/ MeV < 200

o W & * 4 |;i
il CEN F - ST b l1isppgd 1
i 2 4 6 -] 1o 12 14 16
i/

Nahrgang
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Correlation length

3.5 T T T T T
T 3l
2
3 ! B e -
T
295 I i
I.IJ
Iy
= ! -
E .2' _I_||I
':-\. -r-l' T | i
S G
1
0.5
0 L L I I I
0] 2 4 i b 10

920

&1: averaged correlation length from &1 = \/ 302 lo=c(x)

¢,: correlation length obtained from fits to G(r) = 02, + }exp(—_g)

92()

&5 averaged correlation length from =1 = \/
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A complementary strategy

» Study higher moments at large sqrt(s)

e Establish that EOS bends over
HRG

¢/T+ A
QCD

\ .

Freeze out
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Hadronic fluctuations at p, = 0

® expect 2™¢ order transition in 3-d, O(4) symmetry class;

T — T. P‘q)z
A — crit — 0
T. + (Tc s HMerit

singular part: fo(T, fa, ptq) = b1 fo(tb1/ (27 ~ ¢2—

scaling field: t = ‘
|

?mz | 0*In Z . B
Cz"*a—ﬂgwt ; 04"‘-’8—‘%"“ (u = 0)
_dmz N@?lnzmt c (u=0)
aT ! Y H

= 2™ derivative w.r.t u, "looks like energy density”
= 4" derivative w.r.t u, "looks like specific heat”
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Generic expansion coefficients

0.8

06 |

04 r

02t

0.0

s

04l

06 b

-0.8

0.6

0s

0.4 ¢

03}

02t

01 ¢

0.0

1.0

0s

0.0

-NE

1.0 F

1.5

-2.0

-4 2 0 2 4

similar in PNJL model: S. Roessner et al, PR D75 (2007) 034007

Karsch, INT 08
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PHASE DIAGRAM
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1.1}
209}
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u /T
q Ppc
Crossover: |0o/dT| > 0.95 - max(|do /9T))
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ELECTRIC CHARGE FLUCTUATIONS

Electric charge: Baryon charge:
1.2 — 1.2 — T

1.1 — — ch. crc-ss:.__ 1.1 — — ch. crnss._-
| . Ig*‘-ﬂ ] , L x:e:ﬂ ]
2.0.9] | 2.0.9} |
= 0.8 - = 0.8 -
0.7r . 0.7 S
0.6r . 0.6 .

i A R (R ER I R M |\' i N R (N HI R R |\.

0.0~ 0204 06 08 1 12 00020406 08 1 12

w /T w /T

q pc
Electric charge fluctuations follow similar pattern as baryon fluctuations
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Maybe not ...... Or only at u=0

2) Analyzing QCD critical behavior 12

Critical line vs. freeze-out line:

» Statistical models are very successful in describing particle
abundances observed in heavy ion collision; use a parametrization
of the freeze-out curve

1.2

assume here T. = T} statistical model:

11 | 1 7 2 4
e 1 _0.023 (’”’—B) —d (”—E)
1 o= . T T T

Cleymans, et al., PRC 73 (2006) 034905
0.9 ¢

lattice:

T, 2
Z¢ _ 1 — 0.0066(7) (”—B)
T T

ug/Ty Kaczmarek et al.,, PRD 83 (2001) 014504
o 0.5 1 1.5 2 25 3 3.0 4

0.8 r

0.7 F

0.6

—> curvature of the freeze-out curve seems to be larger

* open issues: continuum limit, strangeness conservation, nonzero
electric charge
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3)Baryon number fluctuations: lattice vs. HRG 19

6 order' fluctuatlnns

2
[ xE hlsq HotElCD
15 [ 6 fic scale preliminary;
1 NT=S e
1 ) F Y B - i
0.5 J} J/ HRG ]
0 [ T ], 2 SB -
T ] ‘ .} i
[ [ |
0.5 | ]
[ T[MEV]

1L

120 140 160

1BD EGG EED 24U 260 280

Let's be patient ....

notice for T < T..:

—> fluctuations increase over
HRG

—> fluctuations stay positive

O(4) scaling function

02 r
1]

_ﬂ_E L

04 [ hoh=1
Py p—

08 015
0.0 —

08 [

-4 -3-2-1 012 3 45
Zo(T-T) T
Friman et al., EPJ C 71 (2011) 1694.

Schmidt
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part C,/C, are published in PRL part

C,/C, from arXiv:1106.2926

Centrality dependence 7?7
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Things to do

Account for conservation of Baryon number etc
Understand proton vs Baryon

Understand effect of multiplicity selection on
cumulants

Understand the relevant length scales in
MOMENTUM space

- |s there an optimal system size???
Understand initial state fluctuations

Can we access the density fluctuations directly???
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Next time we meet....

K G2

0.8

Lattice QCD
-0 N6, T, =175 Mew
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Au+Au: 0-5%
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1.2 |

0.6

STAR Preliminary |
L 11 I 1

345 10

20 30

100 200

Sy (GeV)

® added by random
thought
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Thanks for a great workshop
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KURTOSIS OF NET-QUARK NUMBER DENSITY

q
- 4] _ X4 _ ((‘-SN:‘;] }

(S. Ejir1, F. Karsch and K. Redhch 05):

quark content of effective degrees of freedom that carry baryon number

o Low temperature phase: dominance of

effective three-quark states:
Phar}rnns!lT4 = Zi F(mJT) CDSh(S,{Iq dfT)

~ R, =9
o High-temperature phase'
Py /T" = NN, Lz ; (ﬂr + ]‘(F“r) + I

6 \T 180
~> R:,z = (6/7°) = 1

o POM: statistical confinement

o m, =0, ,uq # 0: kurtosis diverges

Riz ~ (’” - ) /12+ (t o distance to chiral
critical line)

Y0oapisie Skokov (BNL) CHARGE FLUCTUATIONS IN EFFECTIVE CHIRAL MODELS

Skokov
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Quark-number susceptibilities

Baryon-meson dependence in correlator

0.1
NT=E L
0.03 N=10 o
N=12,N,=32 A
o
M=12, M =56
k- e - Shimit
“ 0 == B BETEE T
™
o
=005 HRG baryons —
HRG mesocns —
HRG total ———
_0.1 I I 1 I 1 1

100 150 200 250 300 250 400

T [MeV]
4 Baryons dominate in HRG at 7" > 190M eV

4 The lattice correlator never turns positive

= bound states above T, are predominantly of mesonic nature

4 The upswing in the lattice data shows that baryon contribution increases with 1T’

C.R., R. Bellwied, M. Cristoforetti, M. Barbaro, arXiv:1109.6243

Claudia Batti

Ratti

14
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Possibly consistent with observations from baryon sector

3)Baryon number fluctuations: lattice vs. HRG 17

2.0
1.5 |
1.0

05 |

B, B
xal2
p4, N =4
% ¢
4 hisq, N, =6 ~
HRG l“ ]t} 8
7 J‘J H} HotQCD preliminary
[ } H*‘i i 5 am .SB
oo L b '.f..."
100 150 200 250 300 350
- T[MeV]
baryon baryon
number number
carried by carried by
hadrons quarks
\ y \ y

Schmidt

4. order fluctuations

—> cutoff dependence of Tc

—> pronounced step function
indicating deconfinement

kink at Tc from critical
behavior?

PQM-model (mean field)

01 015 02 025 03
T [GeV]
Skokov ef al., PRD 82 (2010) 034029.
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Hadron gas predictions

- G. Torrieri, QM2006

Ay, Fitted :
Tr‘ L _ -

=1 . N
Empty:no K —=Kr correlations
Full: with K —=K= correlations

t |
! T

¥ P

10 100
s (@ev)
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Some trivial effects...

w. T.Schuster

o _ OK)—(K) () —(m)  (9Kom)
(K)? () (K) (m)
Wk — 1  Wrr — 1 WK

(i) () V) ()

~ 1/ (accepted Multiplicity)

Wap = VWAIB) Scaled correlation

\/ (A) (B) independent of multiplicity




Scaling prescriptions

4 L‘ .

| | B \/ (K) " Vs
Poisson scaling: Tdyn (\/E) = Oayn (200 GeV) \/<1} + {1} 200 Gev

K T T
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Part. Num. scaling:  Odyn (\/E) = 0Odyn (200 GeV)
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Geometric scaling: Oayn (VS) = 0
() (K) ()" | s
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Scaled with accepted Particles
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